Astronomical research at the Hopkins Phoenix Observatory by Hopkins, J. L.
ASTRONOMICAL RE SEARCH AT THE HOPKINS PHOENIX ORSERVATORY 
JEFFREY L. HOPKINS 
HOPKINS PHOENIX ORSERVATORY 
7 8  12 WEST CLAYTON DRIVE 
PHOENIX, A R I Z O N A  85033  USA 
17 JANUARY 1985  
ABSTRACT 
A f t e r  t r y i n g  a s t r o p h o t o g r a p h y  and  r a d i o  a s t r o n o m y  i t  was  d e c i d e d  
t h a t  t h e  b e s t  way t o  d o  m e a n i n g f u l  a s t r o n o m i c a l  r e s e a r c h  a t  a  
s m a l l  p r i v a t e  o b s e r v a t o r y  was b y  d o i n g  p h o t o e l e c t r i c  p h o t o m e t r y .  
Be ing  l o c a t e d  i n  t h e  s u b u r b s  o f  a  l a r g e  c i t y  d o e s  n o t  p r o d u c e  
v e r y  d a r k  s k i e s ,  h o w e v e r ,  t h e  sk ies  a r e  u s u a l l y  c l e a r  f o r  a  h i g h  
p e r c e n t a g e  o f  t h e  y e a r .  Having t h e  o b s e r v a t o r y  l o c a t e d  i n  t h e  
b a c k  y a r d  o f  a  p r i v a t e  r e s i d e n c e  a f f o r d s  t h e  l u x u r y  o f  o b s e r v i n g  
a n y  t i m e  t h e  s k y  c o n d i t i o n s  p e r m i t .  A l s o  m o d e s t  e q u i p m e n t  is  
a l l  t h a t  i s  n e e d e d  t o  d o  a c c u r a t e  URV p h o t o m e t r y  o f  s t a r s  8 t h  
m a g n i t u d e  a n d  b r i g h t e r .  S i n c e  b e g i n n i n g  i n  1980 t h e  HOPKINS 
PHOENIX OBSERVATORY h a s  p u b l i s h e d  p a p e r s  o n  s e v e r a l  RS CVn s t a r  
s y s t e m s ,  3 1  C y g n i ,  22 V u l ,  18 T a u  P e r ,  a n d  h a s  f o l l o w e d  t h e  
1982-1984 e c l i p s e  o f  E p s i l o n  A u r i g a e  from i t s  s t a r t  t o  t h e  p r e s e n t  
w i t h  o v e r  1000 URV m e a s u r e m e n t s .  I n  a d d i t i o n  t h e  HOPKINS PHOENIX 
OBSERVATORY h a s  d e v e l o p e d  s e v e r a l  p i e c e s  o f  p h o t o m e t r y  e q u i p m e n t  
i n c l u d i n g  t h e  HPO PEPH-10 1 p h o t o m e t e r  h e a d  a n d  p h o t o n  c o u n t i n g  
e l e c t r o n i c s .  
I. INTRODUCTION 
S e e i n g  Doug H a l l ' s  a r t i c l e ,  "The S t r a n g e  RS Canum V e n a t i c o r u m  
B i n a r y  S t a r s , "  i n  t h e  F e b r u a r y  1979 i s s u e  o f  SKY a n d  TELESCOPE 
I was  i n s p i r e d  t o  w r i t e  Doug a b o u t  h e l p i n g  him d o  some s c i e n c e  
w i t h  my a s t r o n o m i c a l  e q u i p m e n t .  A f t e r  a b o u t  a  y e a r  o f  f r u s t r a t i o n ,  
m a i n l y  i n  t r y i n g  t o  f i g u r e  o u t  how t o  g e t  my p h o t o m e t r y  e q u i p m e n t  
b u i l t  a n d  how t o  a c t u a l l y  d o  p h o t o m e t r y ,  I r e c e i v e d  a  l e t t e r  from 
Russ  G e n e t  a s k i n g  m e  t o  j o i n  t h e  IAPPP. Through  many h u n d r e d s  o f  
l e t t e r s  R u s s  g u i d e d  and  e n c o u r a g e d  m e  t o  t h e  p o i n t  w h e r e  I a c t u a l l y  
had my own p h o t o m e t r y  e q u i  p e n t  a n d  was d o i n g  r e a l  p h o t o m e t r y .  
A s  R u s s  o n c e  s a i d ,  " I t  t a k e s  a b o u t  a y e a r  t o  g e t  on  t h e  a i r  w i t h  
p h o t o m e t r y .  " 
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11. PURPOSE 
I n  1980 t h e  HOPKINS PHOENIX OBSERVATORY was  e r e c t e d .  A C e l e s t r o n  
C-8 t e l e s c o p e  a n d  home b u i l t  p h o t o m e t r y  e q u i p m e n t  were i n s t a l l e d .  
Wi th  t h e  h e l p  o f  Doug H a l l  t h e  f i r s t  p r o j e c t  was  o b s e r v i n g  t h e  
RS CVn b i n a r y  lambda Andromendae.  I n  1 9 8 3  a  p a p e r  was p u b l i s h e d  
i n  ASTROPHYSICS a n d  SPACE SCIENCE w h i c h  i n c l u d e d  d a t a  f rom t h e  
HPO. T h i s  was  s u f f i c i e n t  i n s p i r a t i o n  t o  s p u r  m e  o n  t o  a  v e r y  
a c t i v e  ro le  i n  p h o t o e l e c t r i c  p h o t o m e t r y .  
111. THE OBSERVATORY 
The o r i g i n a l  o b s e r v a t o r y  was  a n  8 f o o t  s q u a r e  wooden f r a m e  s t r u c -  
t u r e  w i t h  a  s l i d i n g  a luminum r o o f .  I n  t h e  f a l l  o f  1983  t h e  "new" 
HOPKINS PHOENIX OBSERVATORY was d e d i c a t e d  t o  p h o t o e l e c t r i c  pho- 
t o m e t r y .  The  new HPO i s  a  1 4  f o o t  s q u a r e  t w o  s t o r y  b l o c k  b u i l d -  
i n g .  F o r  e c o n o m i c a l  a n d  z o n i n g  r e a s o n s  a  s l i d i n g  r o o f  was  a g a i n  
u s e d .  T h e  t e l e s c o p e  and  p h o t o m e t r y  e q u i p m e n t  a r e  l o c a t e d  o n  t h e  
s e c o n d  f l o o r  w h i l e  t h e  o f f i c e ,  c o m p u t e r  e q u i p m e n t ,  a n d  w o r k s h o p  
a r e  o n  t h e  g r o u n d  f l o o r .  The  m a i n  r e a s o n  f o r  t h e  new o b s e r v a t o r y  
was a n  a d d i t i o n  t o  t h e  f a m i l y  who r e q u i r e d  my o f f i c e  s p a c e  w i t h i n  
our h o u s e .  
I V .  THE EOUIPMENT 
The t e l e s c o p e  is  a  C e l e s t r o n  C-8, w h i c h  i s  a n  8 i n c h  S c h m i d t  Cas-  
s i g r a i n  w i t h  a  f o r k  mount.  O r i g i n a l l y  a n  a n a l o g  s y s t e m  was  u s e d  
w h i c h  had a  homemade DC a m p l i f i e r ,  homemade h i g h  v o l t a g e  power 
s u p p l y ,  and H e a t h k i t  C h a r t  r e c o r d e r .  A s  m o r e  e x p e r i e n c e  was  g a i n e d  
i t  was d e c i d e d  t o  s w i t c h  t o  a  p h o t o n  c o u n t i n g  s y s t e m .  A t  t h e  same 
t i m e  i t  was  d i s c o v e r e d  t h a t  t h e  o r i g i n a l  p h o t o m e t e r  head  w a s  f a r  
from a d e q u a t e  f o r  t h e  d e s i r e d  p rograms .  T h i s  r e q u i r e d  d e s i g n i n g  
a  p h o t o m e t e r  h e a d  t h a t  was  l i g h t  a n d  c o m p a c t  f o r  u s e  w i t h  t h e  C-8 
t e l e s c o p e .  T h a t  d e s i g n  t u r n e d  o u t  t o  b e  t h e  HOPKINS PHOENIX 
OBSERVATORY PEPH-101 UBV p h o t o m e t e r  head .  I n  a d d i t i o n ,  a new 
r e g u l a t e d  and  a d j u s t a b l e  h i g h  v o l t a g e  power s u p p l y  w i t h  3  1/2 
d i g i t  LED r e a d o u t s  p l u s  a n  8  d i g i t  p h o t o n  c o l l n t e r  were d e v e l o p e d .  
T h e s e  u n i t s  h a v e  b e e n  i n  u s e  f o r  o v e r  t h r e e  y e a r s  a n d  h a v e  p r o v i d e d  
v e r y  s a t i s f a c t o r y  s e r v i c e .  
T h e  o r i g i n a l  c o m p u t e r  s y s t e m  was  a  S i n c l a i r  XX-81 c o m p u t e r  ( t h e  
l a s t  I saw t h e s e  c o m p u t e r s  a d v e r t i s e d  t h e y  were s e l l i n g  f o r  $ 1 9 ) .  
W h i l e  i t  c e r t a i n l y  b e a t  d o i n g  d a t a  r e d u c t i o n  b y  h a n d ,  i t  was  s o o n  
a p p a r e n t  a  more p o w e r f u l  s y s t e m  was  needed .  A H e a t h k i t  H-100 
( same  a s  t h e  Z e n i t h  2-100)  c o m p u t e r  was  p u r c h a s e d  a n d  a s s e m b l e d .  
T h i s  p r o v i d e d  t h e  n e c e s s a r y  improved  c o m p u t a t i o n  s p e e d  p l u s  s e v e r a l  
o t h e r  f u n c t i o n s  s u c h  a s  word p r o c e s s i n g  a n d  d a t a  c o m m u n i c a t i o n s .  
A Commodore C-64 h a s  b e e n  e x p e r i m e n t e d  w i t h  a s  a  d a t a  a c q u i s i t i o n  
a n d  r e d u c t i o n  c o m p u t e r .  The  p r i c e  a n d  e a s e  o f  u s e  o f  t h e  C-64 
makes  t h i s  s y s t e m  v e r y  a t t r a c t i v e .  
V. THE OBSERVING PROGRAMS 
W h i l e  t h e  o r i g i n a l  o b s e r v i n g  p r o g r a m  w a s  RS CVn b i n a r y  s t a r s ,  
t h e  HOPKINS PHOENIX OBSERVATORY h a s  e x p a n d e d  i t s  o b s e r v i n g  p r o g r a m  
t o  i n c l u d e  h i g h  s p e e d  l u n a r  o c c u l t a t i o n  p h o t o m e t r y  o f  s p e c t r o s c o p i c  
b i n a r i e s .  On 9  May 1 9 8 3  a  h i g h  s p e e d  o b s e r v a t i o n  o f  e t a  L e o n i s  
(HR 3 9 7 5 )  was  made. D a t a  were o b t a i n e d  t h r o u g h  a  b l u e  f i l t e r  
w i t h  d a t a  p o i n t s  i n t e g r a t e d  a n d  r e c o r d e d  f o r  1 m i l l i s e c o n d  e v e r y  
m i l l i s e c o n d  f o r  4 8  s e c o n d s  ( t h a t ' s  4 8 , 0 0 0  d a t a  p o i n t s  i n  l e s s  
t h a n  a  m i n u t e ) .  The t e l e s c o p e  was  s t o p p e d  down a b o u t  60% d u e  
t o  t h e  h i g h  c o u n t s  f r o m  t h i s  3 .5  m a g n i t u d e  s t a r .  
Long p e r i o d  e c l i p s i n g  b i n a r i e s  h a v e  a l s o  b e e n  i n c l u d e d  i n  t h e  
o b s e r v i n g  p rogram.  The f i r s t  o n e  was  E p s i l o n  A u r i g a e .  I s u c c e e d e d  
R u s s  G e n e t  a s  p h o t o e l e c t r i c  p h o t o m e t r y  e d i t o r  o f  t h e  E p s i l o n  
A u r i g a e  Campaign Newsletter i n  1 9 8 2  a n d  h a v e  a c t e d  a s  e d i t o r  a n d  
p u b l i s h e r  o f  1 0  o f  t h e  1 2  n e w s l e t t e r s .  A f t e r  s t a r t i n g  t o  o b s e r v e  
E p s i l o n  A u r i g a e  Bob S t e n c e l  n o t i f i e d  m e  t h a t  t h e  1 0  y e a r  e c l i p s i n g  
b i n a r y  3 1  Cygni  n e e d e d  o b s e r v a t i o n s .  The f a l l  1 9 8 3  e c l i p s e  was  
o b s e r v e d  f o r  53  n i g h t s  a n d  t h e  r e s u l t i n g  d a t a  were p u b l i s h e d  i n  
THE ASTROPHYSICAL JOURNAL 1 5  J u n e  1 9 8 4 .  S i n c e  t h e n  t h e  1 9 8 4  ~ u g u s t -  
S e p t e m b e r  e c l i p s e  o f  2 2  V u l  a n d  p a r t  o f  t h e  November 1 9 8 4  e c l i p s e  
o f  1 8  t a u  P e r  h a v e  b e e n  o b s e r v e d .  O b s e r v a t i o n s  o t  E p s i l o n  A u r i g a e  
w i l l  c o n t i n u e  a s  more  o u t - o f - e c l i p s e  d a t a  a r e  n e e d e d .  R e c e n t  
i n t e r e s t  i n  t h e  p o s s i b l e  g r a v i t a t i o n a l  l e n s i n g  e f f e c t  o f  l o n g  
p e r i o d  e c l i p s i n g  b i n a r i e s  h a s  g u a r a n t e e d  a  c o n t i n u e d  o b s e r v a t i o n  
o f  t h e s e  a n d  s i m i l a r  s t a r  s y s t e m s ,  
AUTOMATIC PHOTOELECTRIC OBSERVATIONS OF EPSILON AURIGAE 
Louis J. Boyd (Fairborn Observatory) 
Russel l  M. Genet (Fairborn Obs. & Wright S ta te  Univ .) 
Douglas S. H a l l  (Vanderbil t, Univ. ) 
The Automatic Photoe lec t r ic  Telescope (APT) a t  Fa i rborn  Observatory 
West i n  Phoenix, Arizona, has been used t o  make UBV observat ions o f  Eps i lon  
Aurigae s t a r t i n g  i n  t o t a l i t y  ( sho r t l y  a f t e r  the  sys tem became operat ional  ) 
and cont inueing t o  t h e  present. A sequence o f  33 19-second observat ions have 
been made once o r  tw ice  a n i g h t  on most c l a r  n igh ts .  I t  i s  planned t o  cont inue 
these observat ions we1 1 i n t o  the  fu ture  t o  firmly e s t a b l i s h  the  out-of -ec l  i p s e  
photometr ic behavior o f  Epsi lon Aurigae. 
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